When mated, unisexually-reared female rats produced a significant excess of females in their litters, while males predominated significantly in litters produced by bisexually-reared females. The percentage of female offspring produced by both types of females declined with successive litters. 1stlitter offspring of unisexually-reared females were significantly heavier, and generally less variable in weight at weaning than the comparable offspring of bisexually-reared females, a difference which was apparently maternallyinduced. These differences in weaning bodyweight disappeared, or were reversed in favour of the offspring of bisexually-reared females, in 2nd litters.
In a previous experiment (Sharpe, Morris & Wyatt, 1973) it was observed that the sex of littermates in infancy affected both the subsequent behaviour and the breeding performance of cross-fostered rats. Female rats reared in bisexual cross-fostered litters, produced larger litters when mated, than animals from all-female cross-fostered litters, although the offspring of the latter were significantly heavier at weaning.
In the present paper we report the findings of a more detailed study on the influence that the rearing conditions of the mother has on the sex-ratio of her litters and the weaning bodyweights of her offspring in succe~sive litters.
MATERIALS AND METHODS

Origin of experimental stock
Selection of animals for cross-fostering (by the method of Lane-Petter, Lane-Petter & Bowtell, 1968) has been described in detail elsewhere (Sharpe, Morris, Wyatt & Brown, 1972) . In the present study a total of 40 males and 40 females were reared in both unisexual and bisexual cross-fostered litters of 10 animals; these experimental stock animals are subsequently referred to as 'V-males' and 'V-females', or 'B-males' and 'B-females', depending on whether they were reared in unisexual (U) or bisexual (B) litters. Animals reared under these 2 regimes were not from the same original litters as was the case previously (Sharpe et ai., 1973) ; instead, unisexual and bisexual litters were derived from animals born on different days. A total of 16 litters, consisting of alternate groups of 4 unisexual and 4 bisexual litters were assembled in this way.
All litters were weaned at 21 days of age when animals below 40 g in weight were discarded; otherwise, litters were left undisturbed for a further 9 days. At this time, males and female5 from 2 bisexual litters were separated into 1 all-male and I all-female group, while animals of the same sex from 2 unisexual litters were similarly treated to ensure that all animals were subjected to the same degree of physical disturbance.
Breeding and maternal performance of experimental stock animals
At 75 days of age, female rats were individually marked, caged in trios and placed with a male rat of the same age, males and females being of the same rearing type and from the same original group (of 4 litters).
As any V-female would necessarily be placed with a 'strange' male, care was taken to ensure that B-females were not placed with a male from the same original crossfostered bisexual litter as themselves.
Males remained with the females for 21 days, at the end of which time females were caged separately for littering. tCF cross-fostered litters; NL natural litters; the composition of these litters is indicated in parentheses.
The same females were mated on 2 further occasions (see Table I for experimental design), with an interval of 2 months between each mating.
Only females that had conceived and reared a litter were used in each of the subsequent matings and, where possible, females were caged in the same 'trios' as in their 1st matings.
Tn the interval between the weaning of their offspring and the next mating, females were caged together in groups of 6-8 animals of the same rearing type. 2nd matings followed the same procedure as first matings, but in 3rd matings B-males of proven fertility were mated alternately with trios of Vor B-females; males remained with the females for only 7 days and were then rested for 7 days before their next mating.
After separation of the females for littering, the number of offspring (including stillborn animals) was counted as soon as detected after birth (day 1) and the difference between this figure and the number at cross-fostering (day 3) was used as a gauge of offspring mortality.
The offspring of the first matings of V-females were cross-fostered into all-male or all-female litters of 8 or 9, except when less than 3 litters were born on anyone day, in which case the offspring were sexed and the litters left intact until weaning.
The offspring of the 1st matings of B-females were similarly treated except that cross-fostered groups were bisexually constituted.
At weaning (day 22) all offspring were weighed to the nearest gram. A similar procedure was adopted with the offspring of 2nd matings except that cross-fostered groups were always of 9 animals, and both Vand B-females received unisexual cross-fostered litters. The offspring of 3rd matings were not followed beyond cross-fostering.
Tn all cases where offspring were cross-fostered, excess young (i.e. those not allocated to a cross-fostered litter) were discarded.
The sex ratio (on day 3) of the 1st and 2nd litter offspring of 39 naturallyreared females, mated with naive naturally-reared males, was recorded for purposes of comparison.
RESULTS
Mean litter size and the incidence of both pregnancy and litters with 10 or more offspring (the colony average) on the day of birth were in most cases slightly, but non-significantly, higher in B-females than in V-females (Table   2 ). The offspring mortality rate, between days I and 3, was low in both Vand B-females, and tended to decrease with successive litters (Table 3) .
Sex ratio of offspring
U-females consistently gave birth to more females than males, but the percentage of female offspring decreased with successive litters (Table 3 ). Bfemales produced an excesS of males in all 3 litters, the percentage of males increasing with successive litters. The significance of this difference in the sex ratio of offspring produced by Vand B-females, and the significance of Table 3 . 39 females reared in natural litters were also mated, and produced 433 offspring in their first 2 litters, of which 51·3 % were females. It is worth noting that there were 53·2 % females in the ] st-litter offspring of these naturally-reared animals, whereas the sex ratio was practically 50/50 in 2nd litters.
None of these sex ratios was significantly (P>0'5) different from the colony average.
Weaning body weights of offspring
Variance of weaning bodyweight was significantly different, both before and after logarithmic transformation of the data (see below), in offspring reared by Vand B-females.
Therefore comparison of the mean bodyweights of these offspring was by a modification of the 't-test' suggested by Cochran & Cox, as quoted by Snedecor (1955) . Both male and female offspring of I stlitter V-females were significantly heavier (P<O'Ol) at weaning than the offspring of B-females, whether litters were cross-fostered or naturally-reared (Table 4) . This difference was reversed, in favour of the offspring of B-females, with 2nd litters and was significant (P<0·05) in the case of female young.
As there were significant differences in mean weaning body-weights, calculation of bodyweight variances was made after logarithmic transformation of the data. The variance (including litter differences) of weaning bodyweight was significantly higher in the ] st-litter offspring of B-females in 3 out of the 4 comparisons with the offspring of V-females (Table 4 ). In contrast, the variance (removing litter differences) of weaning bodyweight showed a different pattern in 1st-litter offspring, depending on the sex of the animals involved. In female weanlings this variance was higher in the offspring of B-females, significantly so (p<O·OOI) in the case of cross-fostered animals.
However, in male 1st-litter offspring the situation was the reverse, with the offspring of V-females showing the higher variance.
In both the male and female 2ndlitter offspring of U-females, variability of weaning bodyweight was significantly higher (P<O·OOI) than in the offspring of B-females, whether litter differences were included or removed. DISCUSSION A previous experiment (Sharpe et ai., 1973) had shown that bisexuallyreared females produced more litters with] 0 or more offspring than unisexuallyreared females mated with the same males. Although a similar tendency was evident in the present investigation, the difference was small and not significant. The large differences in the experimental design of the previous and present investigations may explain this discrepancy.
The present results are, however, in complete agreement with those found previously with regard to weaning bodyweights of 1st-litter offspring.
The significantly heavier offspring, at weaning, of unisexually-reared females ,-. ,-. ,-. ,-. ,-. ,-. ,-. ,-. ,-. ,-. ,-. ,-.
l"l 00 ;g~0 '" r-'" '" '" 00 r-"''<t~. '<t '" '<t 0'1l"l 00'1 observed previously was then thought to be related to the smaller-sized (natural) litters that they had reared. However, the present results show that this effect remains when the size of 1st litters reared by Vand B-females is comparable. Furthermore, the fact that this difference in weaning bodyweight is evident in offspring reared in both natural and cross-fostered groups indicates that it is independent of litter composition during fostering and is therefore presumably a maternally-induced effect. Previous findings (Sharpe et al., 1973 ) support this idea. The disappearance, and in the case of female offspring the reversal, of this effect in 2nd litters may indicate that the maternal performance of B-females is temporarily impaired.
Although the I st-litter offspring of V-females are generally less variable in weight (at weaning) than the offspring of B-females, this difference is dramatically reversed with 2nd litters; a pattern of change similar to that found with actual bodyweight.
However, the reversal is due mainly to an increase in the variability of bodyweight in the 2nd-litter offspring of V-females, as opposed to a reduction in bodyweight variance in B-females offspring, a finding for which no explanation can, at present, be offered. The possibility that all of the discussed differences in offspring bodyweight are related to the rearing method of the grandmothers (all of whom were unisexually-reared) cannot be discounted in view of tpe findings of Denenberg & Rosenberg (1967) and Ellett (1970) .
The most surprising finding of this investigation was the dramatic effect that the rearing conditions of the mother had on the sex ratio of offspring; V-females consistently produced an excess of female offspring, whereas males predominated in litters produced by B-females.
Although the sex ratio of litters varies widely, depending on the strain of animals and the degree of inbreeding (see Robinson, ] 965), the significant differences between the sex ratios of offspring from Vand B-females, together with the difference of both of these sex ratios from the colony average, suggests that such factors are not involved.
Large differences in the sex ratio of individual litters are quite normal, however, and it could be argued that because V-females came from different original litters to B-females, then all that the present results reflect are between-(original)-litter differences in the ability to produce male or female offspring.
Such an explanation seems unlikely in view of the consistency of our findings, despite the use of experimental stock animals from 4 separate (original) cross-fostered pools. The deviation of the offspring sex ratio of both rearing types from the colony average removes the possibility of there having been an over all change in the colony sex ratio, and the fact that 3rd-litter U-and B-females still produced divergent sex ratios, despite having mated with the same males, also rules out the possibility of any paternally-induced effect.
Unisexually-reared cross-fostered females constitute a large percentage of the breeding stock used in our colony, and it is therefore surprising, in view of the present findings, that the colony sex ratio is not more biased in favour of females.
Colony females are mated for the 1st time at about 3 months of age and are normally allowed to produce and rear 6 litters (at 7-9 week intervals), with the result that multiparous females constitute a relatively high proportion of the breeding stock at anyone time. In the present investigation the percentage of female offspring, produced by U-females, falls steadily between bt and 3rd litters.
A continued fall, with successive litters, may possibly occur and could account for the difference between the colony average of 51·45 % female offspring and the higher percentage observed in this investigation. Albert, Tomson & Small ([961) and Weir (1962) have shown changes in the sex ratio of mice with successive litters, and Rugh & Wohlfromm (1967) , also using mice, observed that multiparous females produced offspring with a sex ratio nearer to 50/50 than females of varying ages, mated for the 1st time. Indeed, the fact that in this investigation naturally-reared females produced 3·2 % less female offspring in their 2nd than in their 1st litters suggests that a reduction in the percentage of female offspring with successive litters may be a characteristic of our colony.
The high average litter size of both Uand B-females, together with the low offspring mortality rate between days 1 and 3, suggest that the differences in sex ratio observed at cross-fostering are not related to an increased postnatal mortality rate of one or the other sex. However, it should be remembered that, as litters were counted at varying intervals after birth, it is possible that some young may have been eaten by the mother before the litter was detected. Hahn & Hays (1963) showed that administration of ovarian steroids to intact, pregnant, female rats resulted in 55 % male offspring, whereas similarly treated ovariectomized animals produced 55 % female offspring. In addition, Schultze (1965) observed a significant correlation between the 'oestrogen status' of the uterus-as judged by the rate of triphenyltetrazolium (TTC) reduction -of individual female rats, and the percentage of females born in their litters; he estimated that with low and high TTC reduction values, dams would be expected to have litters containing 45 % and 57 % females respectively. It therefore seems likely, from the findings of Hahn & Hays (1963) and Schultze (I965) , that during the prenatal period of life in rats, preferential mortality or survival of foetuses of one or the other sex may be determined by the physiological status of the uterus andlor ovary. Such a condition, which allows for a change in the offspring sex ratio in favour of either males or females, may be affected by the rearing conditions of the mother, and would account for the deviation in opposite directions of the offspring sex ratio of U-and B-females.
Indeed, previous findings (Sharpe et al., 1973) which suggested differences in ovarian response to gonadotrophins between unisexually-and bisexuallyreared females may be a reflection of such a mechanism.
These results add further weight to the steadily accumulating evidence show-ing that changes in the environment of rats in infancy can subsequently produce profound changes both in infancy and adulthood. The exact method by which these changes are induced remains obscure, but the present findings support the suggestion of Denenberg & Whimbey (1963) that such changes may be mediated through both the prenatal mother-foetus relationship and the postnatal mother-young interaction.
